Abstract
Introduction

11
The term virtual water was first proposed by Allan (1994) and defined as the water 12 embodied in the traded products. Later the concept of virtual water was modified by 13 Hoekstra and Chapagain (2007) to indicate the required water input to generate a 14 product or service. The virtual water content of a product is the freshwater embodied 15 in the product, not in the real sense, but in the virtual sense. It refers to the volume of 16 the freshwater both consumed and affected by pollution for producing the product, 17 measured over its full production chain (Hoekstra et al., 2011) . In water-stressed 18 regions, limited water resources should be used efficiently by not allocating the 19 majority of resources to the production of water-intensive products, and should be 20 made available for other economic purposes that can contribute more to the regional 21 value-added by consuming less water (Allan, 2002; Chapagain and Hoekstra, 2008 ).
22
Assessing the virtual water content (VWC) of products is the basis for developing 23 such water resource management practices. 24 Hoekstra and Hung (2002) estimated the VWC of crops for many countries of the 25 world. In their research, the crop VWC was determined through estimating the 26 accumulated crop evapotranspiration over the growing period, and the VWC was not 27 divided into subtypes. To better understand the VWC of crops, many scientists divide and found that green, blue, and grey water accounted for 78%, 12%, and 10% in the 15 total VWC of crops.
16
China is one of the world's 13 most water-poor countries (Yu et al., 2006 green water was small (9.09%). However, these studies all ignored the grey water.
3
Rice as a cereal grain is the most widely consumed staple food for a large part of the population, 4 especially in Asia. According to data from FAOSTAT, rice is the gain with the second-highest 5 worldwide production, after maize. China is the biggest rice-producing country in the world. In 6 2007, the planting area of rice is the second largest in China (about 29 million hectares) and makes 7 up 34% of the total planting area of grain crops. Rice production is the largest grain production in 8 China (around 186 million tons) and accounted for 41% of the total grain (Ministry of Agriculture 9 of the People's Republic of China, 2008). There is not any research on the total VWC of 10 rice and spatial distribution characteristics in China at provincial scale by the actual 11 total water use. China is well-known for its massive land. The VWC of rice is largely 12 different between regions. The VWC of rice of China should be assessed and the 13 spatial characteristics should be also analyzed.
14
Prior research on crop VWC determination provides a good framework for this work.
15
However, prior calculation frameworks of VWC of crops have some defects. Some and grey water); we also considered indirect water (the sum of the virtual water of all 21 products consumed in the process of rice planting). In this paper, we will calculate the technical. This contact is reflected through the direct consumption coefficient. is the monetary volume of products from sector j consumed by sector i in its 4 production process (RMB); and x i is the output of sector i (RMB).
5
(2) Complete consumption coefficient matrix 6 Compared with the direct consumption coefficient, the complete consumption To account for indirect water, it is necessary to compute the water use coefficient of 17 different sectors, which is the water needed to produce one monetary unit (RMB). Because of lack of data, we assume that the planting cost is proportional to the area (kg ha -1 ). Thus α i can be calculated as follows:
where PC i is the planting cost of crop I per unit area (RMB ha -1 ).
14
Direct green water of crops
15
Direct green water use is the lesser of potential crop evapotranspiration and effective 16 precipitation. Effective precipitation is defined as the amount of precipitation that 17 enters the soil and will be available in the soil for crop growth (Sun et al., 2013b) .
where ET c is the crop evapotranspiration during the growing period (mm)and P e is the 20 effective precipitation over the crop growing period (mm), calculated by the
21
CROPWAT model using monthly climatic data (mm) (Clarke, 1998; FAO, 2003) .
22
Crop evaporation during the growing period is calculated as follows (Allen et al., 1998 ): The direct blue water of a crop is calculated using the irrigation water consumption, I c .
6
The irrigation water consumption is the net artificial application of water use by crops, 
Direct grey water of crops
21
In this study we quantify direct grey water related to nitrogen use only. (Fig. 1) . We found that VWC indirect of rice is directly related to the degree of 5 regional economic development.
6
Of all sectors, the sector of forestry, animal husbandry, and fishery contributed the 
Direct green water of rice
11
The regional differences in VWC direct, green for rice were significant, owing to regions.
21
The regions with higher VWC direct, green values were concentrated in the Southeast
22
China and Southwest China (Fig. 2) . The high VWC direct, green in these regions is a 23 result of high ratio between effective precipitation and rice yield. The regions in the
24
Southeast China and Southwest China had relatively low rice yields, much lower than 25 the national average, and relatively high effective precipitation, more than 400mm.
26
For example, the VWC direct, green of rice was more than 0.80 m 3 kg -1 in Hainan
27
(Southeast China), Guangxi (Southwest China), and Yunnan (Southwest China). The VWC direct, green of rice in Guizhou (Southwest China) was also relatively high, more 1 than 0.80 m 3 kg -1 . This is mainly because the effective precipitation over the growing 2 period of rice in this region was more than 590 mm, although rice yield in this region 3 was higher than the national average.
4
The VWC direct, green of rice in Northwest China and Inner Mongolia were relatively low 5 (Fig. 2) . Because of high yields and low effective precipitation. Xinjiang (Northwest for crops.
22
The VWC direct, blue values for rice in Southwest China were relatively low (Fig. 3) into direct green, direct blue, direct grey and indirect water. The calculations for green 27 and grey water are the same as in the GBG framework and the calculation method for 28 14 blue water is the same as in Sun's framework. As described previously, we add 1 indirect water to the total VWC of crops. However, in our calculation framework of 
Analysis of VWC structures of rice in China
26
Regional differences in VWC total values for rice were significant, as were regional 27 differences inthe structure of the VWC total of rice. The average VWC total of rice in 
